Introduction
COPD is a major public health problem because of its high prevalence, adverse impact on quality of life (QoL), 1 and large social and economic costs. 2 The recent 2017 update of the Global Strategy for Diagnosis and Management of COPD (GOLD) states that the disease is characterized by "persistent respiratory symptoms and airflow limitation". 3 of disease. 5 Similarly, the hidden depths of COPD online survey also identified a significant impact of COPD on daily activities with frequent health care resource use, despite the fact that the majority of patients regarded their disease as "under control". 6 Psychological and behavioral factors may influence individual perceptions of symptom severity, and strategies used by patients to cope with the burden of symptoms and disability are still incompletely understood. 7 Several studies 1, 10, 13 have conducted surveys pairing patients with the doctors taking care of them and have observed differences in the way the disease is perceived. However, a limiting factor is that different questionnaires have been used for the two groups. To our knowledge, no previous study has attempted to identify, quantify, characterize, and understand the communication gaps in the perception of disease and QoL between patients and physicians using a tool that contains identical questions.
We hypothesized that there are important differences (gaps) between the perceptions that COPD patients have of their disease and physicians have of how the disease affects their COPD patients. In addition, we hypothesized that there were problems in the frankness of COPD patients during their interaction with physicians in clinic visits. The Medical Investigation of Respiratory COPD Perception (MIRROR) survey was conducted to determine the presence and magnitude of perception gaps that exist between patients with COPD and physicians who care for COPD patients.
Methods

study design
Surveys in patients with COPD and physicians caring for patients with COPD, both in general practitioners (GPs) and pulmonologists (PULs) in specialized care, were conducted between July and August 2016 in Spain, Italy, and Germany. The survey was conducted by QuintilesIMS. QuintilesIMS is a member of the European Pharmaceutical Market Research Association (EphMRA), and this survey was conducted in compliance with the EphMRA code of conduct. All the subjects participating in the survey provided voluntary, informed consent to data collection and use, based upon a clear understanding of the purpose of the data collection. In addition, the present survey met the definition of market research, and thus did not require Clinical Research Ethics Committee or Independent Review Board approval. 8 
Patient survey
Patients were identified from national panels collaborating with QuintilesIMS (refer Supplementary materials for a full description of the panels) who met the following criteria: .45 years old, with a diagnosis of COPD and receiving maintenance therapy provided by their physicians on a continuous basis for at least 12 months and including at least one of the following drugs: long-acting beta-2 agonists, inhaled corticosteroids, long-acting muscarinic antagonists, or their combinations. Patients receiving supplemental oxygen were excluded. An invitation was sent through email to all COPD patients (n=13,108) who were panel members. A total of 1,164 (9%) patients accepted to participate, and 334 subjects met the inclusion criteria and returned a completed questionnaire. Participating patients were not being followed by the GPs and PULs taking part in the survey.
Physician survey
Participating physicians were recruited from panels of professionals collaborating with QuintilesIMS (refer Supplementary materials for a full description of the panels) who agreed to take part in the survey and had experience treating COPD patients. Participating GPs were required to be regular prescribers of .20 maintenance therapy prescriptions per month for COPD patients, whereas PULs had to spend .30% of their professional time managing COPD patients in the outpatient setting. Both GPs and PULs were asked to answer the questionnaire (refer Supplementary materials) taking one recently seen patient as a reference, who was representative of the majority of COPD patients seen in their clinical practice. An invitation was sent by email to 13,836 physicians: 1,192 (9%) accepted to participate and 666 physicians met the inclusion criteria and returned a completed questionnaire.
survey questionnaire
The questionnaire was developed by a group of physicians and psychologists and then subjected to a review and approval process by physicians experienced in COPD research. The questions were administered through a Computer-Aided Web Interview (CAWI) lasting for ~30 minutes. A full description of the questionnaire, which was similar for patients and physicians, is explained in the Supplementary materials. In brief, questions included a mix of single and multiple responses as well as scalar items. Both patient's and physician's questionnaires explored the following domains: patient's sociodemographics and COPD severity, symptoms and impact of disease on overall health-related QoL, and its individual domains (daily symptoms, working and leisure time activities, sleep, and physician/patient relationship). In addition, sub-domains of daily activities, such as self-care 
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COPD impact on Qol as perceived by patients and physicians and household chores, were investigated. Participants were asked to assign a score using a scale ranging from 1 (not impact at all) to 5 (maximal impact). To investigate the openness of the physician/patient relationship, physicians were asked how frank (ie, whether the patient freely disclosed all relevant information) they felt the patient was during the visit, and patients were asked how frank they actually were while communicating with physicians. Finally, the survey also assessed the degree of disease severity (mild, moderate, severe, and very severe) as perceived by patients and physicians, the perceived degree of satisfaction with the overall treatment, and the handling of the inhalers.
statistical analysis
Since results in the three participating countries (Spain, Italy, and Germany) were not significantly different, only the aggregated results are presented. To compare the responses of patients, GPs and PULs, we used chi-square, Fisher's exact, or Student's t-tests for independent groups, as appropriate. Comparisons between patients and GPs and between patients and PULs were performed separately. P-value ,0.05 was considered statistically significant. Analyses were performed using SPSS, Version 22.
Results
Patients' characteristics
The survey included 334 COPD patients, 333 GPs, and 333 PULs (Table 1) . Compared to the actual responses by the patients, on average, the PULs thought that their patients were older, primarily men, with lower educational level, more severe disease, more likely to live with the family, and less likely to be actively smoking. For most of the variables, the patients described by GPs had characteristics that fell between patients reported by PULs and the patients participating in the survey. Table 2 provides a visual representation (heatmap like) of the magnitude and direction of perception differences between patients (reference) and GPs or PULs. COPD was regarded as a major health problem by patients and physicians. The overall impact of COPD on QoL was similarly regarded by patients, GPs, and PULs in the cases considered having mild/moderate disease. However, for the severe/very severe cases, the patients perceived a greater impact than that perceived by PULs. For all symptoms, the perception differed between the patients and physicians. Interestingly, the misalignment direction of the perception varied depending on the symptoms 
Perception differences
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Celli et al considered. Cough was more frequently highlighted as being important by GPs and PULs than perceived by patients. Dyspnea or shortness of breath was perceived to be more important by PULs than perceived by the patients. In contrast, chest tightness, wheezing, and tiredness/fatigue were more frequently reported as being important by patients than perceived by GPs and PULs regardless of disease severity. No significant differences were observed for phlegm or sputum. Overall, physicians perceived most symptoms to be less bothersome to the patients compared to patients' own perceptions (refer Graph 4S in the Supplementary materials).
Perceptions related to Qol domains
The results about the impact of COPD on overall QoL and its domains are presented in Figure 1 . There were no differences between the three groups for mild/moderate cases. However, in the severe/very severe cases, the patients assigned significantly higher scores than physicians to the impact of COPD on daily activities, work activities, leisure time activities, and overall QoL.
Results about the perception of daily activities subdomains are shown in Figure 2 . There were minimal differences in the magnitude of the perception of the effect of COPD between patients and the physicians except for sexual intercourse. In fact, PULs assigned a statistically significantly higher score to the impact of COPD on sexual intercourse compared to the score reported by patients, particularly in mild/moderate COPD patients.
Perception toward the health care professional 
Discussion
This survey shows important differences between how COPD patients perceive various domains of their disease and the understanding that physicians, both GPs and PULs, have on the same domains. Furthermore, patients are frequently not frank during communications with physicians, a fact that is underestimated by doctors caring for COPD patients.
Participating patients
There have been several surveys of patients with COPD aimed at identifying their perception of different aspects of 
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COPD impact on Qol as perceived by patients and physicians the disease. 5, 6, [9] [10] [11] In general, these studies have found that patients have little knowledge on COPD itself, underestimate the severity of the disease and the importance of their symptoms, and tend to be undertreated compared to other diseases, such as hypertension.
The characteristics of the patients who participated in the present survey were quite similar to those from previous surveys in COPD patients. 5, 6, [9] [10] [11] These surveys included a relatively high proportion of females and older nonworking exsmokers, who considered their disease to be of moderate severity. The similarity of the clinical characteristics of the patients in this survey compared to previous studies lends support to our findings and allows us to make informative comparisons. All previous surveys evaluated the perception of dyspnea, primarily during exertion. However, as we did in this study, only Molimard 
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Celli et al "dyspnea" and "chest tightness" as separate symptoms. Interestingly, the two surveys found that the number of patients experiencing chest tightness was different from those patients experiencing dyspnea, suggesting that chest tightness is a symptom perceived differently from dyspnea. The clinical significance of "tightness" is unclear, and there was no way to find an explanation in a survey, but the results from these two studies indicate a need to explain the nature and significance of its presence.
Concordance and gaps between patients and doctors
To our knowledge, no previous studies or surveys have investigated and compared patients' and physicians' perception on COPD symptoms and QoL, simultaneously using "mirrored" questionnaires developed to explore exactly the same domains. Previous studies comparing doctors' and patients' perceptions were more focused on the management of disease, the preference of treatments and the utilization of resources and relied on instruments that included different questions.
1,10-13
Miravitlles et al surveyed 450 patients paired with 77 PULs caring for them. The patients and their PULs agreed on the ranking of the first three impacting symptoms: breathlessness, fatigue, and cough. However, the scores assigned by the PULs were significantly higher for breathlessness and lower for fatigue and cough. 1 Results from the present survey extend those findings by showing that PULs perceived the symptoms of fatigue and tiredness that have less impact on the patients than that directly perceived by the patients.
Both PULs and GPs assigned more importance to the symptoms of breathlessness, cough, and phlegm than patients themselves did. In the present survey, physicians considered the domains related to leisure and social time activities were less impacted than patients did.
A telephone survey of ~1,000 patients with COPD and 1,000 GPs and PULs was conducted by Barr et al. 10 The nature and number of questions were limited to the general perception of dyspnea, functional capacity, utilization of resources, and knowledge of the disease. The results showed that patients had limited knowledge on their disease and had functional limitation but underperceived the severity of their symptoms. The physicians had a relatively nihilistic approach to therapy and failed to adhere to guidelines. The current survey is more comprehensive and provides more information about specific domains of importance to the patients and the caregivers. Thus, whereas physicians believe that their patients' perception of classical symptoms of COPD is very important to them, the patients assign more importance to activities related to leisure and social interaction.
An important new gap that deserves particular attention relates to the patients' attitude toward the physicians during clinic visits. The vast majority of the patients (89%) stated that they "lied" or at least were "not honest" when interacting with their physician. Both GPs and PULs seemed to be aware of this issue, but they underestimated its magnitude. This occurred, even though patients and physicians regarded the impact of the patient-physician relationship as an important factor when evaluating the impact of COPD on QoL. We believe this existing gap is extremely important, because 
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COPD impact on Qol as perceived by patients and physicians a lack of frankness between patients and their caregivers is a recipe for poor outcomes.
The picture emerging from the present survey reflects the differences that exist in how patients and physicians perceive the actual impact of COPD itself. Physicians overestimate the importance of dyspnea, cough, and sputum on their patients, perhaps because these are symptoms that are thought to be directly related to the disease. However, chest tightness and fatigue are symptoms not well appreciated by physicians, even though they are perceived as being very important by patients. Physicians understand that COPD affects certain domains of daily life such as work and exercise, but they have difficulties in understanding the impact that disease has on leisure time and social life. For physicians, it is easy to imagine that a patient affected by COPD could have difficulties in climbing up and down stairs, but it is less intuitive to imagine how much a patient can be impacted when he/she is not able to push his/her grandchildren on the swings. The fact that such symptoms are not frequently perceived to be as important by physicians reflects the existence of a communication gap between patients and their physicians.
strength and weaknesses of the study
The main strength of the present survey is the use of questionnaires exploring exactly the same domains in patients and physicians, thus allowing effective comparisons between perceptions of a wide range of items. Also, the high number of subjects involved in the survey provides confidence to the generalizability of the study results. There also were some limitations. First, the online recruitment had the disadvantage of only assessing individuals with access to the internet. However, the patients' characteristics are quite similar to those from previous surveys using different methods, suggesting that online surveys provide a similar type of sample population compared to personal or telephone interviews. 5, 10 Second, there was a relatively high proportion of women participating in the survey. However, real-world data obtained from GP and PUL medical records from IMS Health 14 and a recent review of epidemiological and clinical data concluded that the paradigm of COPD is changing from a male-predominant disease to a disorder with a growing female prevalence. 15 Third, another limitation is the patients' self-reported diagnosis of COPD. However, most surveys previously conducted also selected COPD patients with a self-reported diagnosis. 5, 10, 16, 17 In addition, self-reporting information about chronic respiratory disease has a very good grade of agreement with information reported in the medical records. 18 Fourth, it could be argued that the questionnaire has not been validated, but all of the surveys of COPD until now reported have used questionnaire developed ad hoc, using many questions similar to those included in the present survey. Finally, it could be said that patients and health care professionals were not paired. However, involving paired patients and physicians could have resulted in a selection bias itself, with physicians potentially selecting patients more frequently seeking care or with a more severe stage of the disease. Also, previous questionnaires have used similar unpaired methodology with validated results. 10 Further research should center on the ways in which the perception gaps between patients and doctors could be decreased. Perhaps, group discussions involving all parties with frank interactions among all of the stake holders can provide the field with practical ways to address this problem.
Conclusion
This study shows that there are significant gaps between the perception of different domains of disease in patients with COPD and the understanding that the doctors caring for COPD patients have of their patients' perception. This is particularly important in the areas of QoL and symptoms. Physicians must become aware of the impact on nonconventional domains that patients perceive as being importantly affected by COPD, so that they can be integrated into management plans. There is also insufficient frankness between patients and doctors that may be hindering the constructive interaction needed to maintain a healthy patient-doctor relationship. More open discussions between patients and physicians are needed in order to achieve better provision of health care.
